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(54) One-step dispersion method for the microencapsulation of water soluble substances 

ing organic solvent droplets, and by carefully setting the 
physico chemical parameters, microparticles produced 
by the method of the present invention show surprisingly 
good agent retention qualities. 



(57) The present invention relates to microcapsules 
and methods of preparing microparticles with an ex- 
tremely high encapsulation rate. In a O/W system, by 
skipping the step of a stable primary emulsion compris- 
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Background of the invention 

[0001] Many different methods of preparation of mi- 
crospheres are described in the literature (Herrmann et 
al., European Journal of Pharmaceutics and Biophar- 
maceutics 45 (1998) 75-82). The methods presently 
used for the preparation of microspheres from hydro- 
phobic polymers are organic phase separation and sol- 
vent removal techniques. 

[0002] The solvent removal techniques can be divid- 
ed into solvent evaporation, solvent extraction, spray 
drying and supercritical fluid technology. In solvent 
evaporation or solvent extraction techniques, a drug 
containing organic polymer solution is emulsified into an 
aqueous or another organic solution. The drug is dis- 
solved, dispersed or emulsified in the inner organic pol- 
ymer solution. 

[0003] These solvent removal techniques for produc- 
tion of microspheres by evaporation or extraction neces- 
sitate the step of preparing a stable emulsion of organic 
droplets before solvent removal. The size and charac- 
teristics of the final microspheres depend on this step 
during which a stable emulsion in the presence of the i 
solvent is a prerequisite. The proportions of organic sol- 
vent and aqueous phase in the solvent removal meth- 
ods are carefully maintained so as to control the solvent 
migration in the aqueous phase. Below a certain ratio 
organic solvent/ aqueous phase, the formation of drop- a 
lets is not possible any more (see H. Sah, "Microencap- 
sulation techniques using ethyl acetate as a dispersed 
solvent: effects of its extraction rate on the characteris- 
tics of PLGA microspheres," Journal of controlled re- 
lease, 47 (3) 1997, 233-245). In some methods, solvent 31 
is even added to the aqueous phase in order to saturate 
it and to prevent the solvent migration during the forma- 
tion of the primary emulsion. 

[0004] Several related patents and published applica- 
tions describe various aspects of these processes w 
[0005] EP 0 052 1 05 B2 (Syntex) describes a micro- 
capsule prepared by the phase separation technique 
using a coacervation agent such as mineral oils and 
vegetable oils. 

[0006] EP 0 1 45 240 31 (Takeda) discloses a method as 
tor encapsulating a water soluble compound by thicken- 
ing the inner phase of a W/O emulsion, building a W/O/ 
W and subjecting the emulsion to an in water drying 
process. This method brings different drawbacks such 
as: the necessity of using a thickening agent to retain so 
the drug, and the mufti step procedure including two 
em unification steps and the in water drying step 
[0007] EP 0 1 90 833 B1 (Takeda) describes a method 
for encapsulating a water soluble drug in microcapsules 
by increasing the viscosity of a primary W/O emulsion ss 
to 1 50-5'000 c p (by the procedure of increasing the pol- 
ymer concentration in the organic phase or by adjuslina 
the temperatures) prior to formation of a second W/O/ 



W emulsion which is than subjected to in water drying 
The drawbacks of this procedure are the complexity of 
the necessary steps, including formation of two emul- 
sions (W/O and W/O/W) one after the other, and the in 
5 water drying. 

[0008] US 5,407,609 (Tice/SRI) describes a microen- 
capsulation process for highly water soluble agents. 
This process involves the distinct steps of forming a pri- 
mary O/W emulsion, the external aqueous phase being 
>o preferably saturated with polymer solvent. This O/W 
emulsion is then poured to a large volume of extraction 
medium in order to extract immediately the solvent The 
drawback of this method is that the O/W emulsion is 
^ formed in the presence of the organic solvent in a small 
volume. The solvent is subsequently removed by ex- 
traction in a large aqueous volume. The polymeric drop- 
lets are prevented to harden in the primary emulsion 
allowing the migration of the drug into the external 
phase. 

» [0009] WO 95/1 1008 (Genentech) describes a meth- 
odfor the encapsulation of adjuvants into microspheres 
The process comprises the three distinct steps of pre- 
paring a primary W/O emulsion, followed by the produc- 
Hon of a W/O/W and finally the hardening of the micro- 
spheres by extraction of the solvent. As already men- 
tioned above, the drawback of such a method is the 
complication due to a mullistep procedure separating 
droplet production from solvent elimination 
[0010] EP 0 779 072 A1 (Takeda) describes an in-wa- 
3 ler drying method used for the removal of solvent after 
production of a W/O/W or a O/W emulsion. It is men- 
Honed that the O/W method is preferable for active sub- 
stances insoluble or sparingly soluble in water. 
[0011] It is an object of the present invention to 
present a new method for the production of microparti- 
cles comprising water soluble agents. 
[0012] It is also an object of the present invention to 
create new microparticles comprising water soluble ac- 
tive substances. 

[0013] it is still further an object of the present inven- 
tion to produce a new method for the production of mi- 
croparticles of high encapulating efficiency comprisinq 
water soluble active substances. 
[001 4] It is further an object of the present invention 
to present a method which allows for a reduction of time 
of exposure of water soluble active substances to sol- 
vent in the production of microparticles, 
[001 5] It is further an object of the present invention 
to avoid the formation of specific emulsions, and the 
problems they have caused as described in the prior art 
in the production of microparticles comprising water sol- 
uble active s< 



Summary of the invention 

[001 6] The present invention relates to microcapsules 
and a method of preparing them with an extremelv high 
encapsulation rate thanks to the optimal reduction of dif- 
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fusion for the compound or agent to be encapsulated. 
[0017] The methods available up to now for encapsu- 
lating certain compounds and agents, and particularly, 
water soluble compounds and agents, were not efficient 
enough for encapsulating water soluble active sub- 
stances due tc t , *-,',- that water soluble active 
substances have with the aqueous phase. The present 
invention has found a solution to this problem by reduc- 
ing the time required for encapsulating water soluble ac- 
tives substances, and therefore avoiding the problem of 
formation of the primary emulsion and solvent removal 
steps which were far too long and allowed the migration 
of the water soluble agents into the external aqueous 
phase. 

[0018] In the method of the present invention, it has 
been surprisingly discovered that it is possible to obtain 
microparticles with an extremely high encapsulation ef- 
ficiency of water soluble active substances using a new 
one step O/W homogenization process 
[0019] The basic method of the present invention can 
be simply characterized as providing: 

using a volume of aqueous phase in an O/W system 
capable of dissolving at once the total amount of 
organic solvent used; 

working with water soluble compounds or agents 
dispersed in an organic phase, the agent preferably 
present in solid state in the inner phase during the 
entrapment procedure (slowing down the solubili- 
sation into the aqueous phase); 
carefully setting the physico chemical parameters 
during the homogenization of the organic inner 
phase into the aqueous phase. 

[0020] By skipping the step of a stable primary emul- 
sion comprising organic solvent droplets, and by care- 
fully setting the physico chemical parameters such as 
surfactant capacity, viscosity, temperature, ionic 
strength, pH and buffering potential, the specific embod- 
iments of the present invention show surprisingly good 
agent retention qualities. 

[0021] Furthermore, since the polymer precipitates 
because of the instantaneous lack of solvent, imprison- 
ing the active principle, no emulsion stage is seen. The 
particles can thus be directly harvested after their for- 
mation. 

[0022] Because the particle formation and the solvent 
removal arc done together r eec srg.c step in this 
method, the water soluble active substance is at once 
kept inside the particles which have an impermeable 
wall. Thereby any diffusion external to the particle is at 
a low level, and the encapsulation rate is very high. This 
one single process also avoids the steps of extraction 
dec! o' solvent evaporation 

Detailed description of the invention 

[0023] By adjusting various production parameters, 



various embodiments of the D'esen; invention can be 
obtained. In one of the preferred embodiments, by care- 
fully adjusting the production parameters, the precipitat- 
ing polymer can be surprisingly well formed into homo- 

s geneously dispersed particles. The amount of organic 
solvent is thereby kept as low as possible to get a vis- 
cous solution of the polymer and to minimize the nec- 
essary volume of the aqueous phase. 
[0024] In preferred embodiments, the volume of the 

io aqueous phase is chosen to be capable of dissolving at 
least the complete amount of organic solvent. A sur- 
factant is added to the aqueous phase in order to keep 
the precipitating polymer in fine independent particles. 
An ideal surfactant gives a viscosity to the aqueous 

is phase that approaches the viscosity of the organic 
phase. An electolyte may also be optionally added to 
the aqueous solution to create repulsion between the 
particles and preventing aggregation. The aqueous so- 
lution can also be buffered to obtain good pH conditions 

■ 0 for the drug concerning stability and release. 

[0025] In further preferred embodiments, the encap- 
sulation efficiency is increased when using cold solu- 
tions, by optimizing the solubility of the solvent in water, 
by reducing the aqueous solubility of the drug, and by 

s slowing down its diffusion In other words, in embodi- 
ments using solutions of lower temperature, the present 
invention achieves the effect of further reducing the al- 
ready small amount of diffusion of internal particle sub- 
stances to the exterior. In these and other preferred em- 

o bodiments, after homogenization, the dispersion is di- 
rectly filtered. The particles are then harvested and 
lyophilized. 

Detailed Description of the Preferred Methods 

5 

[002S] The aim of the invention is to provide a micro- 
particle and a method for the preparation of such micro- 
particle having a high encapsulating efficiency of a water 
soluble substance in a biodegradable polymer obtained 

J by a one step dispersion process of two non miscible 
phases, an organic phase (solvent) containing the water 
soluble substance and the polymer into an aqueous 
phase containing a surfactant and optionally salts. The 
particle formation and their hardening is performed in 

> one single step. The harvesting of the particles is done 
directly after their formation. The amount of the organic 
phase (solvent) is kept as low as possible in order to be 
dissolved at once into the aqueous phase. Regarding to 
this method the encapsulation efficiency is greater than 
50 % and preferably greater than SO %. 
[0027] A physiologically active peptide, or protein or 
any other active principle is dispersed in an organic sol- 
vent which is not miscible with water such as ethyl ace- 
tate, methylene chloride, diethylcarbonate, chloroform 
or the like. The size of the active principle solid particles 
can be adjusted if necessary by homogenization. 
[0028] The organic solution containing the active prin- 
ciple is used to dissolve the biodegradable polymer 
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comprising poly(lactides), poly(glycolides), copolymers 
thereof or other biodegradable polymers such as other 
aliphatic polymers, polycitric acid, poiymalic acid, ooly- 
succinates, polyfumarates, poly-hydroxybutyrates 
polycaprolactones, polycarbonates, polyesteramides' 
poiyanhydridcs. p C! y (nmino acds), DolyortnocGtcrs 

1 l I ' i i, 11 a 

copolymers of polyethylene glycol (PEG), polyorthoe- 
sters, biodegradables polyurethanes, polyphosp- 
hazenes. 

[0029] Other biocompatible polymers are polyacrylic 
acid, polymethacrylicacid, acrylic acid-methacrylic acid 
copolymers, dextran stearate, ethylcellulose acetyl-cel- 
lulose, nitrocellulose, etc. These polymers may be 
homopolymers or copolymers of two or more mono- 
mers, or mixtures of the polymers. 
[0030] The peptide and the polymer can also be pre- 
pared in separate organic solutions The polymer is dis- 
solved in an organic solvent which is not miscible with 
water. Preferred solvents include ethyl acetate or meth- 
ylene chloride; more preferred is when the solvent used 
to dissolve the polymer is the same solvent as that use 
for suspending the peptide. 

[0031] The organic solutions are poured together to 
form a homogenous organic suspension (organic i 
phase) before addition to the aqueous phase. 
[0032] The organic solvent(s) used may also be any 
organic solvent hardly miscible with water, i.e. having a 
low solubility in water. 1 
[0033] Examples of such preferred solvents include 3 
diethyl carbonate, ethyl acetate, methylene chloride oth- 
er halogenated hydrocarbons (e.g. dichloromethane 
chloroform, chloroethane, dichloroethane, trichlo- 
roethane, carbon tetrachloride, fatty acid esters (e g 
ethyl acetate, butyl acetate, ethers (e.g. ethyl ether iso- m 
propyl ether and aromatic hydrocarbons (e.g. benzene 
toluene, xylene) or the like. Preferably, the preferred sol- 
vents can be alone or used in mixtures of two or more 
solvents. More preferably, the solvent is ethyl acetate 
If the polymer is not or is only slightly soluble in ethyl 40 
acetate, co-solvents, comprised among the family of 
benzyl alcohol, DMSO, DMF, ethyl alcohol, methyl alco- 

that taT 0nitn ' ,e ^ optionally be used in 

[0034] The peptide can be dissolved first in a (any 45 
commercially available) solvent like dimethylsulfoxid" in 
order to allow a sterile filtration. Once this solution is 
added to the polymer solution, the peptide precipitates 
while the dimethylsulfoxide mixes with the organic sol- 

[0035] Preferably, the amount of solvent used to dis- 
solve the biodegradable poiymer is kept to a minimum 
in order to be soluble as quickly as possible (most pref- 
erably at once) in the aqueous phase. (If the amount of 
solvent ;s high, the amount of aqueous phase has ro c- 
too large on a practical point of view). 
[0036] The concentration of polymer in the organic 
phase is adjusted to 5-90% (by weight), preferably be- 



tween about 1 0 and 50%, depending on the polymer and 
solvent used. 

[0037] In the case that the concentrate of polymer 
in the organic solvent is high, the viscosity of this phase 
depending on the polymer used, may be increased 
[0038] The viscosity of the polymer solution may be 
comprised between 1000 and 40'000 centipoise (cp) 
(Brookfield viscosity), more preferably between 2 000 
and 30,000 c p, even more preferable between 3*000 
'0 and20'000cp. 

[0039] Using ethyl acetate for dissolving the polymer 
the solubility of the solvent in the aqueous phase is in- 
creased by lowering the temperature of both, the organ- 
ic and the aqueous phases, accelerating the solvent mi- 
° gration and therefore also the encapsulation rate 

[0040] In methods of the present invention the tem- 
perature of the organic phase ranges between about 
-1 0°C and 30"C, and preferably between about 0°C and 
1 0°C even more preferably between about 2°C and S°C 
20 The temperature of the polymeric organic phase antf the 
temperature of the aqueous phase are the same or dif 
ferent and are adjusted in order to increase the solubility 
of the solvent in the aqueous phase. 
[0041] The obtained organic solution for use as the 
2s inner poiymer and drug containing phase is added to a 
aqueous outer phase under a homogenisation proce- 
dure to give microparticles. 

[0042] For the homogenisation procedure, a method 
of creating dispersion is used. This dispersion can be 
realized for example with any apparatus capable of 
shaking, mixing, stirring, homogenizing or ultrasonicat- 

[0043] Different agents influencing the physico-chem- 
ical characteristics of the (resultant) solution may be 
added surfactants, such as for example an anionic sur- 
factant (e.g. sodium oleate, sodium stearate, sodium 
lauryl sulfate), a nonionic surfactant [(e.g. polyoxyeth- 
yienesorbitant fatty acid ester (Tween 80, Tween 60 
products of Atlas Powder Co, U.S.A.), a polyoxyethyl- 
ene castor oil derivative (HCO-60, HCO-50, products of 
N,kko Chemicals, Japan)], polyvinylpyrrolidone, polyvi- 
nyl alcohol, carboxymethylcellulose, lecithin or gelatin 
[0044] In specific embodiments of the present inven- 
tion, a surfactant comprised among the family of anionic 
nonionic agents or other agents capable of reducing the 
surface tension of the polymeric dispersion can be add- 
ed. Suitably, therefore, are nonionic surfactants such as 
Tween (for example Tween 80), anionic surfactants no- 
nionic surfactant like polyvinyl alcohol or others These 
surfactants can, in general, be used alone or in combi- 
nation with other suitable surfactants. The concentration 
of the surfactant is selected in order to disperse and sta- 
bilize the polymer particles, and possibly also to give a 
viscosity approaching the viscosity of the organic phase 
[0045] The preferred concentration of the surfactant 
in the aqueous phase ranges therefore between about 
0.01-50% (by weight), preferably between about 5 and 
30%. The viscosity depending on the surfactant used 
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and on its concentration ranges between about 
1'COO-e'COOcp (Brookfield viscosity), preferably about 



3'000-5'000 

[0046] Option , - . • --"—'sed among the family of 
sodium chloric! . rnde ca^bonales, phos- 

phates and the iiko can be added to the aqueous phase 
to adjust sonic strength and to create a Zeta potential 
between hop- • ; e >oading to particle repul- 
sion Additional buffering agents may be added to the 
aqueous phase to maintain a specific pH. So, the inter- 
nal aqueous phase ma\ be supplemented wilhapH reg- 
ulator for retaining stability or solubility of a physiologi- 
cally active substance, such as carbonic acid, acetic ac- 
id, oxalic acid, citric acid, phosphoric acid, hydrochloric 
acid, sodium hydroxide, arginine, lysine or a salt thereof, is 
The pH of the formulations of this invention is generally 
about 5 to 8, preferably about 6.5 to 7.5. The tempera- 
ture of the aqueous solution can be adjusted to the tem- 
perature of the inner organic phase. The temperature 
range is from about -10°C to 30°C, more preferably be- 20 
preferably from be- 



(ACTH), growth hormones ;GHj growth hormone re- 
leasing hormone (GHRH), growth hormone releasing 
peptide (GHRP), calcitonin, oxytocin, angiotensin, va- 
sopressin, enkephalins enctorpntn. enkephalin, kyotor- 
5 phme, interferons inten'eukins umcr neci 

(TNF), erythropoetin (EPO) colony stimulating factors 
{G-CSF, GM-CSF, M-CSF), thrombopotetin" (TPO), 
platelet derived growth factor fibroblast growth factors 
(FGF). nerve growth factors (NGF) insulin like gi wth 
io factors (IGF), amylin peptides leptin, RGD peptides, 
bone morphogenic protein (BMP), substance P, serot- 
onin, GABA, tissue plasminogen activator (TPA), super- 
oxide dismutase (SOD), urokinase, kalfikrein, glucagon, 
human serum albumin, gamma globulin, immunomod- 
is ulalors (EGF, LPS), blood coagulating factor, lysozyme 
chloride, polymyxin B, colistin, gramicidin, bacitracin 



and th 



ween 0° and 10" C 
tween 2°C and 5°C 
[0047] The microparticles of the present invention can 
be prepared in any desired size ranging from 1pm to 
about 500pm, by varying the parameters such as poly- 
mer type and concentration in the organic phase, vol- 
umes and temperature of the organic and aqueous 
phase, surfactant type and concentration, homogeniza- 
tion time and speed. The mean particle size of the mi- 
croparticles ranges generally from 10 to 200pm, more 
preferably from 20 to 200pm, even more preferably from 
30 to 150pm. 

[0048] A number of water soluble active substances 
can be encapsulated by the method of the present in- 
vention. Preferably, the encapsulated soluble sub- 
stance is a peptide, a polypeptide, a protein and their 
related salts. The salt of peptide is preferably a pharma- 
cologically acceptable salt Such salts include salts 
formed with inorganic acids (e.g. hydrochloric acid, sul- 
furic acid, nitric acid), organic acids (e.g. carbonic acid, 
bicarbonic acid, succinic acid, acetic acid, propionic ac- 
id, trifluoroacetic acid) etc. More preferably, the salt of 
peptide is a salt formed with an organic add (e.g. car- 
bonic acid, bicarbonic acid, succinic acid, acetic acid, 
propionic acid, trifluoroacetic acid) with greater prefer- 
ence given to a salt formed with acetic acid. These salts 
may be mono-through tri-salts. Examples of water sol- 
uble active substances which can be encapsulated in 
the present invention include, but are not limited to, pep- 
tides, polypeptides and proteins such as luteinizing hor- 
mone releasing hormone (LHRH) or derivatives of 
LHRH comprising agonists or antagonists, melanocyte 
stimulating hor ' tropin releasing hor- 

mone (TRH), thyroid stimulating hormone (TRH), folli- 
cule stimulating hormone (FSH), human chorionic go- ■ 
nadotropin (HCG), para'- v oi > ' o _ ^H) human 
placental lactogen, insulin, somatostatin and deriva- 
tives, gastrin, prolactin, adrenocorticotropic hormone 



[0049] A number of other unlimiting example of water 
soluble compounds or particularly a water soluble form 
of the following compounds can be encapsulated by the 
method of the present invention. 
[0050] Other unlimiting examples include anticancer 
drugs such as actinomycm D, bleomycin, busulfan, car- 
boplatin, carmustme, chlorambucil, cisplatin, cladribine, 
5 cyclophosphamide, cytarabine, dacarbazine, daunoru- 
bicin, doxorubicin, estramustine, etoposide, floxuridine, 
fludarabine, fluorouracil, hexamethylmelamine, hydrox- 
yurea, idarubicin, ifosfamide, asparaginase, lomustine, 
mechlorethamine, melphalan, mercaptopurine, meth- 
' otrexate, mithramycin, mitomycin C. mitotane, mito- 
zantrone, pentostatin, procarbazine, streptozocin, teni- 
poside, thioguanine, thiopeta, vinblastine, vincristine 
and the like; antibiotics such as tetracyclines, penicillins, 
sulfisoxazole, ampicillin, cephalosporins, erytromycin! 
clindamycin, isoniazid, amikacin, chloramphenicol,' 
streptomycin, vancomycin and the like. 
[0051] Other examples including antivirals such as 
acyclovir, amantadine, and the like: antipyretics, anal- 
gesics and antiinflammatory agents include acetami- 
nophen, acetylsalicylic acid, methylprodnisolone, ibu- 
profen diclofenac sodium, indomethacin sodium, 
flufenamate sodium, pethidine hydrochloride, levorpha- 
nol tartrate, morphine hydrochloride, oxymorphone and 
the like; anesthetics such as lidocaine, xylocaine and 
the like; antiulcer agents include metoclopramide. rani- 
tidine hydrochloride, cimetidine hydrochloride, histidine 
hydrochloride, and the like anorexics such as dexedrine, 
phendimetrazine tartrate, and the like; antitussives such 
as noscapine hydrochloride, dihydrocodeine phos- 
phate, ephedrine hydrochloride, terbutaline sulfate, iso- 
proterenol hydrochloncc -i * U'aie, and the 
like; antiepileptics such as acetazolamide sodium, etho- 
suximide, phenytom sodium, diazepam and the like; 
antidepressants such as amoxapine, isocarboxamide,' 
phenelzine sulfate, clomipramine, noxiptilin. irni- 
pramine, and the likeanticoagulants such as heparin or 
warfarin, and the like. 

[0052] Other unlimiting examples include sedatives 
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such as chlorpromazine hydrochloride, scopolamine 
methylbrornida, antihistamines such as diphenhy- 
dramine hyd'- ,i j. K* .'en fumarate, chlorphe- 
niramine maleate, methoxyphenamine hydrochloride 
and the like.' s 
[0053] Other unlimiting examples include cardioton- 
ics such as etilefrine hydrochloride, amincphylline and 
the like; antiasthmatics such as terbutaline sulfate, the- 
ophylline, ephedrine, and the like; antifungals such as 
amphotericin B, nystatin, ketoconazcle, and the like; an- w 
tiarrhytmic agents such as propranolol hydrochloride, 
alprenolol hydrochloride, buieiolol hydrochloride, oxy- 
prenolol hydrochloride and the like; antitubercular 
agents such as isoniazid, ethambutol, and the like; 
hypotensive, diuretic agents such as captopril, ecara- '5 
zine, mecamylamine hydrochloride, clonidine hydro- 
chloride, bunitrolol hydrochloride and the like; hormones 
such as prednisolone sodium sulfate, betamethasone 
sodium phosphate, hexestrol phosphate, dexametha- 
sone sodium sulfate and the like; antigens from bacteria, 20 
viruses or cancers, antidiabetics such as glipizide, 
phenformin hydrochloride, buformin hydrochloride, gly- 
midine sodium, methformin, and the like; cardiovascular 
agents such as propanolol hydrochloride, nitroglycerin, 
hydralazine hydrochloride, prazosin hydrochloride and 2s 
the like; diuretics such as spironolactone, furosemide 
and the like; and enzymes, nucleic acids, plant extracts, 
anti-malarials, psychotherapeutics, hemostatic agents, 
etc. 



Examples 

[00S4] The examples that follow are set forth as an 
aid in understanding the present invention, and provide 
some examples of the many embodiments that are po- 
tentially available for the present invention. They are not 
intended to limit the scope of the invention. 

Example 1 . 



[00S5] 62.5 mg of D-Trp 6 -LHRH acetate (Triptorelin 
acetate) was added to 20g of ethyl acetate. The peptide 
particles were reduced in size with a small size dispers- 
ing apparatus at 20'000 rpm during 5 minutes. This pep- 
tide suspension was added to 2 g of coly(D-L-lactide- 
co-glycoiide) (PLGA) with a ratio of lactide to glycolide 
of 50:50 and a weight average molecular weight of 
45'000. The mixture v, i at room temperature un- 
til the polymer was dissolved and then piaced still at 4°C. 
The Brookfield viscosity of this solution was 15'500cp 
(15.5 Pas). 

[0056] This organic phase was poured into 675 g of 
aqueous phase containing 20% (W/W) of Tween 80 and 
7g of sodium chloride and having a temperature of 4°C. 
The homogenizstic 1 .: 13 performed with a Polytron ho- 
mogenizer at 4'C00 rpm during 3 minutes. 
[0057] The micropa t.c es ware collected right after 
the end of the homogenization step by filtration.^The mi- 



croparticles were then vacuum dried at room tempera- 
ture during 48 hours. 

[0058] The entrapment efficiency was 93%, the mean 
particle size was 52nm, and the residual ethyl acetate 
was 183ppm (as determined by GC-MS). 

Example 2. 

[0059] 1 250 mg of D-Trp 6 -LHRH acetate (Triptorelin 
acetate) was added to 200g of ethyl acetate. The pep- 
tide particles were reduced in size with a small size dis- 
persing apparatus at 20'000 rpm during 5 minutes. 
[0060] 40 g of poly(D-L-lactide-co-glycolide) (PLGA) 
with a ratio of lactide to glycolide of 50 : 50 and a weight 
average molecular weight of 45'000 were dissolved in 
200g of ethyl acetate at room temperature. 
[0061] Both organic phases were poured together 
and stirred briefly on a magnetic stirrer The suspension 
was then let to stand at 4°C until use. This organic phase 
was poured into 7kg of aqueous phase containing 20% 
(WAV) of Tween 80 in 67mM phosphate buffer pH 7.4 
and 70 g of sodium chloride and having a temperature 
of 4°C. The homogenization was performed at 2'000 
rpm during 5 minutes. 

[0062] The microparticles were collected right after 
the end of the homogenization step by filtration The mi- 
croparticles were then vacuum dried at room tempera- 
ture during 48 hours. 

[0063] The entrapment efficiency was 76% and the 
mean particle size was 150um. 

Example 3. 



[0064] 125 mg of bovine serum albumin was added 
3S to 20g of ethyl acetate. The solid protein particles were 
reduced in size with a small size dispersing apparatus 
at 20'000 rpm during 5 minutes. This protein suspension 
was added to 2 g of poly(D-L-lactide-co-glycolide) 
(PLGA) with a ratio of lactide to glycolide of 50 :50 and 
40 a weight average molecular weight of 45'000. 20g of ad- 
ditional ethyl acetate were added. The mixture was 
stirred at room temperature until the polymer was dis- 
solved and then placed still at 4°C. 
[0065] This organic phase was poured into 675 g of 
« aqueous phase containing 20% (W/W) of Tween 80 in 
67mM phosphate buffer pH 7.4 and 7g of sodium chlo- 
ride and having a temperature of 7"C. The homogeni- 
zation was performed with a Polytron homogenizer at 
4'000 rpm during 3 minutes. 
so [0066] The microparticles were collected rioht after 
the end of the homogenization step by filtration. 
[0067] The microparticles were then vacuum dried at 
room temperature during 48 hours. The entrapment ef- 
ficiency was 76% and the mean particle size was 74um 



Example 4. 



[0068] 



125 mg of D-Trp 6 -LHRH acetate (Triptorelin 
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J ?l - to 5g of ethyl acetate. The peptide 

Dartides wt recti* d in size with a small size dispers- 

* - r ^ c <l n jui - . c mi utes. 
[0069] 4 g of poiy(D-L-lactide) polymer were added to 
this peptide suspension. The mixture was stirred at s 
room temperature until the polymer was dissolved and 
then placed still at 6°C This organic phase was poured 
into 675 g ol aqueous phase containing 20% (W/W) of 
Tween SO in 67m'.' I : • r .tier pH 7 4 and 7 g of 
sodium chloride and having a temperature oi 5"C. The 10 
homogenization was performed with a homogemzer at 
4'000 rpm dunn mmut 

[0070] The microparticies were collected right after 
the ii ' 'no ncmoaera/Pc" , ay I i i on 
[0071] The microparticies were then vacuum dried at ^ 
room temperature during 43 hours The entrapment ef- 
ficiency was 57% and the mean particle size was 30pm. 



otonics antiasthm 'ice , - d 
agents, antitubercjl^ dj v v Jn u 

agents hormones, antigens from bacteria, viruses 
r - • j i > ii iragents, di- 

uretics f-r?, , j h xtrdcts, anti- 

malarials, psychotherapeutics, hemostatic agents 



6. The method of claim 2, wherein the solvent may op- 
tionally be mixed with a co-solvent comprised 
among the family of DMSO, DMF, ethyl alcohol, me- 
thyl alcohol, acetonitrile and the like. 

7. The method of claim 2, wherein the surfactant is 
comprised among the family of anionic, nonionic 
agents or other agents capable of reducing the sur- 
face tension of the polymeric dispersion. 



1. A microparticle with a high encapsulation efficiency 
of a water soluble substance in a biodegradable pol- 
ymer obtained by a one step dispersion process of 

an organic phase containing said soluble substance 25 
and said polymer and an aqueous phase containing 
a surfactant and optionally salts, characterized in 
that the amount of the organic phase (solvent) is 
kept as low as possible in order to be dissolved at 
once into the aqueous phase. 30 

2. A method for producing microparticies with a high 
encapsulation efficiency of a water soluble sub- 
stance in a biodegradable polymer obtained by a 
one step dispersion process of an organic phase 35 
containing said soluble substance and said polymer 
and an aqueous phase containing a surfactant and 
optionally salts, characterized in that the amount of 

the organic phase (solvent) is kept as low as possi- 
ble in order to be dissolved at once into the aqueous 40 
phase. 



8. The method of claim 2, wherein the salts are com- 
prised among the family of sodium chloride, Potas- 
sium chloride, carbonates, phosphates and the like, 

9. The method of claim 2. wherein the temperature of 
the polymeric organic phase and the temperature 
of the aqueous phase are the same or different and 
are adjusted in order to increase the solubility of the 
solvent in the aqueous phase, 

10. The method of claim 2, wherein the biodegradable 
polymer is a poly(lactide), poly(glycolide), copoly- 
mers thereof or any other suitable biocompatible 
polymer. 

11. The method of claim 2, wherein the concentration 
of the polymer in the organic phase is comprised 
between 5 to 90 % (by weight). 

12. The method of claim 2, wherein the concentration 
of the polymer in the organic phase creates a vis- 
cosity comprised between T000 and 40'000 



3. The method of claim 2, wherein the encapuslation 
efficiency is greater than 50%. 

4. The method of claim 2, wherein the solvent 
presents a low solubility in water and is comprised 
among the family of ethyl acetate, methylene chlo- 
ride diethyl carbonate cnlorofcrm or the iiko 

5. The method of claim 2 wherein the encapsulated 
soluble substance is a peptide, a polypeptide, a pro- 
tein and a-cai iear.ecj salts or a compound af any 
other structure among analgesics, anticancer 
dug 1 - an'ib .s r , r-'s dntioyrelics, analge- ss 
sics, antiinflammatory agents, anesthetics, antiul- 

l • Pi, i epfes 

' ntiLCdju'rfnts, sedatives, cardi- 



13. The method of claim 2, wherein the concentration 
of the surfactant in the aqueous phase is comprised 
between 0.01 - 50% (by weight) and creates a vis- 
cosity comprised between 1'000 and B'000 
centipoise. 
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